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DIRECTIONS AND FORMULAS FOR SPRAYING. 
The important details of spray in g are fully discu,ssed in Bulle-
tin 6S of this Station. The fruit- grower should thoroughly famil-
iarize himself with those details before attempting to follow the 
directions gi ven below: 
For successful spraying, five points must be kept in view: 
1. Pure materials 
2 . Proper preparation of mixtures 
3· Proper method of application 
4 · Time of application 
5· Good judgment. 
' PuRE MATERIAL S . 
\V ithout pure and reliable materials successful . spraying is Im-
possible. This appli.es to all commercially prepared insecticides and 
fungicides, especially the arsenites, such as Paris green and Scheele's 
green. This means that success ciepends upon the chemical compo-
sition of the article and upon the proper percentage of some one 
poisonous active principle . Paris green has become the most im 
portant insecticide at present in use for destroying chewing insects.-
lt is a comparatively cheap and effective poison when of proper 
strength and purity and if properly applied. During late years 
many serious complaints have oeen made against its variable compo-
SitiOn. Until laws controlling the manufactur.e and sale of Paris 
green are enacted in this state the fruit-growers will have to rely 
upuu the fe v\ simple tests they are able to make for themselves or 
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upon the honesty~ and r e liability of th e manufacturers of the poison. 
There are a few tests which the grower can make for himself. 
Thes~ will et~able him to detect g ross adu lte rat ion. The ve rifica-
tia'n of the full content of poisonous principles and th eir proper 
combination s can be performed only by experts. The points which 
_the .grower can ,det.e rmine for himself are the followin g : 
( r) Paris green should be a dry and wholly impalpable pow-
der. Grittiness and cakiness are ev idences. of adulteration. 
( 2) It should have a bright, light, emerald green color. Dull-
ness, and a light or faded color are indications of low grade. 
( 3) To tes t the color, place a small q uantity--what one can 
pick up on the point of a pen-knife- on a small piece of window-
glass which has been polished, clean and dry. Tilt the g lass at a 
slight angle and tap its edge ge nt ly - enough to cause the green to 
run down, leaving a s treak ac ross th e surface. The s treak should 
remain bright emerald g reen; if whitish, the sample is inferior. 
( 4) Place a s mall quantity in a small glass vessel. Pour on ·a 
quantity of common ammonia water. If the green is pure it will 
all dissolve. If a re~idue is ldt, the sample has been adulterated. 
Because of the widespread . dissatisfaction resulting from im-
pure Paris green, sev.eral s ubst itutes have been suggested which can 
be home-made, and which therefore possess the adYantage of being 
of known composition. The most promis ing of these are perhaps 
the arsenite of lim e a nd the arsenite and arsenate of lead. · These 
mixtures have been used with more or less s uccess. Th e formulas 
and directions for making them a re give n below. A number of 
su hstitutes for Paris gre ..~ n are being manufactured and sold, usually 
un'der the trade na m es "arsenoids" or arsenates of different compo-
sition . Some of these have been s uccess full y used, but they are 
o'pen to the same objectiona~le un certainties as the commercially-
prepared Pari s g reen, ~nd they must be de;;1lt withaccordingly. 
The other material s used for spraying purposes in Illinois 
(copper sulphate, copper carbonate, white arsenic, sal soda, etc.) 
are pure enough for all practical purposes, as found 111 commerce, 
and need not be so rigidly tested as Paris g reen . 
PROPER PREPARATIO N OF MIXTURES. 
Much depends upon the manner in which the spray mixtures 
are prepared. As in all technical operations, there is a "right and a 
wrong" way of preparing compounds or solutions for spray work. 
Even so simple an operation as the common mixing of Paris green 
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and water form s no exception to th e rule. The difficulty mcreases 
as the mixtures bec.ome more complex. 
In the preparation of Paris g reen the powder must be thor-
oughly wet before it is added to the full quantity of water. The 
easie~ t way to do this is to put it into a jug alon g with a small 
quantity of water, close the vesse l and th en shake vigorously until 
the powder and water are thoroughly mixed . Then the wetted 
green may be added to the full q uan tity of water. 
Littl e need be said upon the preparation of simple solutions. In 
most cases it consists in simply pouring the compound to be dis-
solved into the water or other solvent. As a ge neral rule it may be 
stated that warming the solvent a nd powdering the solids hasten so-
lution, and will therefore be advantageous when the solution has to 
be prepared on short notice. Stirring also hastens solution. In the 
case of copper sulphate the solution is heavier than water. If the 
salt is simply placed in the water, it will sink to the bottom and 
there a "saturated" solution will be formed around it, thus greatly 
retarding the solution of the whole mass of sulphate. The latter 
should, therefore, be put into a bag or basket and suspended at the 
top of the liquid. In this way the solution sinks to the bottom ' as 
soon as it is formed, and thus the sulphate is kept in contact with 
fresh water. 
The preparation of the ammoniacal copper carbonate solution 
requires special manipulation, which will be specified with the di-
rections g iven below. 
Emulsions are mechanical mixtures of waxy or oily substances 
with water. Their preparation, therefore, inv olves the breaking up 
of the emuls ifi ed material in t() exceed ingly fin e particles in order 
to allow intimate mi xi ng with th e emulsifying liquid. This is 
accomplished by vigorous churning or agitation, which should be 
continued long enough to make the rnixture p erman ent. The more 
vigorou s the agitation, the less time it will require to accomplish the 
emulsion, other things bein g equal. This point is all-important, for 
if the oil is not thoroughly em ul sified it will separate and float on 
top, not only redu cin g the strength of the solution , but leaving pure 
oil for the last spray from th e tank. A good way to test the ernul- · 
s~on is to spread a sh ee t of ti ss ue or other absorbent paper over the 
surface of the undiluted emulsion. Then apply a match to the 
wetted paper. If it b urn s, it indicates that free oil was absorbed 
f10m the surface. Therefore the emulsion was imperfect. Further 
churning is thus necessary . If the emulsion is perfect, the paper 
will absorb water and will not burn. 
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The proper preparation of Bordeaux mixture is most import-
ant. If it is not properly made the mixture can not be kept in sus-
pension without continuous and vigorous agitation. It is thus ex-
remely difficult to secure a uniform application and in addition, it is 
more than probable that the compound so formed is not so acti~e a 
fimgjcide. Bordeaux mixture is a complex and insoluble compound 
of lime and copper suspended in water. This compound seems to be 
rather unstable and for that reason it should be used o11ly wh il e f resh, 
or at least not over twenty-four h ours old. The solutions, copper 
sulphate and milk of lime, should be diluted before they are put to-
gether. They should also never be mixed while warm. It is also 
essential to have all the copper in combination with lime, and for 
that reason a slight excess of lime is advisable. Excess of lime 
does no harm, while uncombined copper s ulphate is very injurious 
to the foliage. The quantity of lime, therefore, sh ould never be 
g-auged by measure alone. The quality of the lime depends upon 
the quality of tht: rock from w hich it is made and thus varies in dif-
ferent localities. The prepared mixture should, therefore, always 
be tested before being used. There are two very simple tests, 
wfl.ich can be performed by any fruit-grower. The addition of a 
few drops of yellow prussiate of potash solution will cause a dark 
reddish-brown discoloration when there is in sufficient lime in the 
mixture. When no discoloration follows such addition, the copper 
has all been combined with lime, and therefore the latter is present 
in sufficient quantity. If no prussiate is at hand, dip the end of a 
bright knife-blade or other bright steel object in to the mixture. Af-
ter a short time the steel will become coated w ith metallic copper, or 
"copper-plated", if insufficient lime has been used. If enough lime 
is in the mixture, no such coating will take place. 
PROPER METHOD OF APPL l CATIO 
The mode of handling and applying spray mixtures depends 
upon their physical properties a nd the class of insect ' or fungous 
disease they are intended to combat. 
Insecticides act in two ways : 
(a) As a poison to be eaten along with the part of the 
plant attacked. 
(b) By contact w ith th e insect. 
Fungicides also act in two ways: 
(c) By direct contact with exposed mycelium. 
(d) By destr'oy ing the ge rminatin g tube of the fungus 
before it penetrates the sk in. 
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Thus it will be seen that in app ly in g the mixtures either of two 
objects must be kept in view, depending upon the class of in sects or 
fu ngi to be control led . In cases (a) and (d) the plants or ' trees · 
must be comple tly coated \vitb tile m ix ture, so that wherever the in£ 
sect bites or the fungus spore ge rmin ates it will be attacked by the 
poison or the: fungicide. There must be no b reaks in the coatin g of 
spray mixture. For that reason, use considerable pressure and a 
fine nozzl e in order to get the li q uid is su ing in the form of a fine 
mist. Hold the nozzle a little di s tance away from the leaves or 
frui t and apply only enough mixture to cover them with fine "dew-
drops." Extreme car ..:: is necessary to accomp li sh this success fully, 
but it is highly esse ntial for cffect i,·e -vvork. If the spraying is con-
tinued too long the fine drops will run together and run down a nd 
drip off at the lovvcst point, thus leaving the upper parts largely ex-
posed . In cases (b) and (c) the sp ray acts by d irect contact. It is 
therefore necessary to be s ure that every part of the tree o r p lant is 
struck by th e mixture. It is not necessary that the coating of the 
mixture be maintained. Rather the reverse is often true. The spray 
has clone its work as soon a. it strikes, · and therefore it does not 
matter if it runs off. Use, then, a nozz le which delivers the spray 
in a fine but direct stream so that the mixture will s trike with co n-
siderable force. The only precaution n ecessary is to avoid was te 
and not allow the li q uid to run dovvn the trunks and thus saturate 
the ground around the root-crowns, w h ere it will injure the roots. 
In ge ne ra l, th e following rule w ill be applicable : 
Paris g reen and other arsenical poisons, Bordeaux mixture, and 
ammon iacal copper carbonate s hould be applied through a fin e noz-
zle as a fi ne mist and only until th e fruit and foliage a r e comple tely 
bedewed. 
Ke rosen e emuls ion, kerosene-water m ixture, and caustic mix-
tu res sho uld be applied as a fine direct stream inte nded to strike 
with co nsiderabl e force. Every part of the tree or plant mus t be 
struck by the s pray , and dripping need be avoided only to prevent 
accumulati on around the root-crown s. 
TIME OF APPLICATION . 
The time during which an insect p est o r a fun gous disease can 
be successfully combatted or p r evented is in most cases extremely 
short. Often a d iffe rence of a day or t wo is s ufficient to change 
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success into failure. In sp raying for the codling moth, nnless the 
material is applied w ithin a ve r y few days after th e blossoms fall 
and before th e calyx lobes close, th e sp ray will not prevent the ap-
ples from be ing wormy; for it is irnpossible to ge t the poison into 
the calyx cavity after that time. In spray in g for apple scab, bitter 
rot, or any other fungo us d isease, the mycelium of which g rows 
within the leaf or fr uit, the f un g us must be killed before it pene-
trates throug h the outer skin. Th e spraying material must be upon 
the plants before the spores of the d isease germ in ate, and prefera-
b ly before any spores a re present. The particula r time of appli ca-
tion will vary with the different d iseases. Repeated spray ings are 
<> ften necessary , because new spores a re formed a nd because the 
.coating of spraying material may become damaged by th e g rowth 
o f the fruit and leaves, or be washed off by r a in. 
The r egula r spraying of apples for th e canker w orm, codling 
.moth and apple scab cous ists of three applications of Bordeaux mix-
ture and Paris g r ee n. The fir s t application should be mad e ju s t be-
fore the b lossoms open; the second,- immed iate ly afte r the blosso ms 
fall, a nd th e third, a week or te n days late r. 
The bitter rot o f the apple is a clisease concerning which so 
litt1e is known that no definite recommendations r egardin g its con -
trol can be made at thi s time. It is probable, h owever , that if the 
treatment for apple scab (see above) is followed by an application 
•of Bordeaux mixture about the middle o f June, and another ten days 
o r two weeks later, the damage from the disease w ill be consid erab ly 
reduced. Later spraying may be needed, especially if the weather 
:is warm and mois t. If very late spray ings are necessary, the ammoni-
acal copper carbonate sol ution is preferable to th e Bordeaux mixture, 
as it leaves practically no stain upon the fruit. 
For the brown rot of the plum and peach apply Bordeaux mtx-
ture before the buds swell, jus t before the flowers ope n, wh e n the 
fruit has set; and if th e disease has been serious the year b efore, or 
if the w eather is favorab le for its development (warm and moist), 
later sprayings should be made at intervals of two weeks until the 
fruit is nearly full- g rown. Then use ammoniacal copper carbonate 
every few days until the fruit is ripe . On s to ne fruits in full leaf, 
use Bordeaux made with three pound s of copper sulphate and five 
to six pounds of lime to fifty g allons of water. This disease can b~ . 
more easily controlled if the fruits are thinned !: O that they - do not 
to uch one another. 
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For San 'Jose and other scale insects, spray when the trees are 
dorma nt, u sing kerose ne-whale-o il- soap e muls ion, containing twenty 
per cent. of k erosene. This treatment sh ould be foll owed by an ap-
plication of more dilute em ul s ion immediately a fter the yo un g scales 
hatch and while they m·c s till crawling about the tree. 
Grape diseases, s uch as black rot, ripe rot, dow ny tnildew and 
powdery mildew, can be COl1trolle e:l by the followin g treatment : Ap-
ply Bordeat~ x mixture s ho1·t ly before the blossoms open, soo n a fter 
the fruit has set, and then every two or three vveeks until it becomes 
necessary to substitu te ammoni acal copper carbonate to avoid stain-
ing th e fruit. The late application s of copper carbonate may n eed 
to be rnad e every few days if rot has been se ri ous in fo rm er years~ 
and the conditions are fav orabl e for its developement. 
Currant worms can be destroyed by th e appli cat ion of Paris 
green o r some other arsenite as soon as the earliest larvae a ppear. 
If it becomes necessary to spray currants or gooseberries after the 
fruit has attained consid e rable s ize, use white h ellebore in pl ace of 
Paris g ree n. 
For gooseberry mildew apply Bordeaux mixture just before the 
buds open; then use potassium su lphid every wee k or te n days as 
long as seems n ecessary. 
For plant lice of a ll kinds use w h a le oi l soap or kerosene emul-
sion, diluted suffic1 ently to avoid injury to the foliage. 
For r ed spider and o ther plant mites use k erosene emulsion 
sufficiently diluted, to ~hich is ad ded one ounce of flowers of s ul-
phur to each gallon of the mixture. 
GooD JuDGMENT. 
It is impossib le to g ive definite directions for s pray mg which 
will cover a ll cases and forestall a ll compli cations . The fruit-grower 
mu st be prepared fo r eme rge ncies . He must be ready to spray up-
on short n o ti ce at almost a!1y time, and mus t be -ab le to d ecide for 
himself when spray in g becomes necessar y . He must b e ever 
watchful for the appearance of any injurious insect or fungous di-
sease, and must be ab le to d ete rmine what material it will be be best 
to use in any given case. If brown rot breaks out on his plums, he 
is the _one who mu st determine whether or not the plums are so near 
maturity as to rend er it n ecessar y to use ammoniacal copper carbon-
·ate in s tead of Bord eaux mixture. If he should wait to consult some 
authority before beginning operations his crop might be ruin ed . So 
it is in all matter s connected with spray ing : The frui t -g ro wer must 
act for himself. And the more intelligently h e does hi s work the 
more certain will be his s uccess. 
ARNOLD v . S T U B EN R A U C H , 
Instructor in Horticulture, University of Illinois, and Assistant 
in Horticulture, A g ricultural Experiment S tation. 
J O H N w. LLOYD, 
Inst~uctor in Horticulture, Univer sity of Illinois, and C hief 
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FORMULAS® 
MIXT UR E . I 
Quantities f r ' Quantities for I Quantities f o r r oo II . 
'i Gall o n s of Mi xture. so Gallo n s of Mixture Gallons o f Mixture, To Be Used Agamst Me thod of Preparatio n. 
Scheele's Green or 1· I I ·~!!e~~ ~ -~:~~~~ ~: ::: •. All chewing insects. Proceed as for P a ris g reen. 
-- ___ _L~==----;--~==~--~~--~~~~--~----------~--------------------
Arsenite of Lim e : 
White Arsenic ... .. . 
Sal Soda . ... . . ..... . 
Fresh Lime . .. . .... . 
Water t o m a k e . . .. . 
Arsenate of Lead: 
Lead Acetate ...... . 
Soda Arsenate . . .. . 
Water .......... . .. . . 
r ~i ozs. 
Y2 oz. 
s gals . 
I 2 Y2 O ZS . 
5 ozs. 
so gals. 
r% lbs . 
II OZS . 
Ioo gals. 
All chewing insects . 
All chewing insects. 
Boil a rse nic a n d soda in s mall q uan-
tity of water in an iro n p ot not used 
for other purposes, u ntil a ll the a rse-
nic is di&s o l ved . Slake the lime mak-
in g a thin paste of i t; s train and add 
to tull quant ity of water; th e n add 
soda and arsenic s olution , and s ti r fo r 
a few minutes. 
Pulverize and disso lve the acetate 
and arsenate sepa r a t ely in small 
quantities of water; add se para tely to 
full quantity of water, and s tir for a 
few minutes . This is especially valu-
able on tender foliage, such as peac h 
·and plum, and can be usect. s tronger 
with impunity. • ' 
MIXTURE. 
Kerosene Emulsion: 
Kerosene .... . . . . . .. . 
Whale-Oil Soap .. . . 
or Soft Soap .... . .. . 
Water . . . .. ....... . . 
K erosene Emulsion .. ~ 
Water to make . . .. . . . 
K e rosene Emulsion. ·I 
Water to make ...... . 
K erosene-Milk Ernul-
s ion: 
K erosen e ............ 
Sour Milk ........... 
Bordeaux Mixture: 
Copper Sulphate ... 
Fresh Lim e .. ....... 
Water ... ..... ..... .. 
FORMULAS.- Continued. 
I 
· Quantities for I Quantities for I Quantities for Ioo I I 









s ga ls. 
2 gals. 
I ga l. 
6\4 o zs. 
7 ozs. 
s gals . 
Slice the soap finely and dissolve in 
the w:ater by b oiling; add the boiling 
solutiOn (away from the fire) to the 
k erosene, and s tir or churn violently 
for fro?l five t o eight minutes, until 
Stock emulsion t o be diluted as directed below. t~e mrxture assumes a creamy con-
SIStency. If ;;t spray pump i s at hand, 
p~mp the. m1xture bac k upon itself 
w~th considerable force for about five 
mmu~es. If no soft soap or whale·oil 
S<?ap IS at hand, use I lb. com m on soap 
d1ssolved in the boiling water. 
7\4 ga l s. 
so ga ls . 
3J1:i gals. 
so gals. 









Scale insects, larg- 1 Us~ rain water in the diluti o ns, if 
er plant bugs larvae poss1ble. If hard w a t e r is used 
and beetles. ' '·break" it with lye 174 lb. to so ga l-
lons ) before usi ng. 
I 
Plant-lice and soft- / Prepare as fo r scale insects. bodied insects. 
No heatin g :is n ecessary in thi:; case. 
T .horo ugh ch urnin g or pumping as 
kerosen e-soap emulsion. d 1rected above will e ffe c t the em ul-sinn . This e mulsion is valu able 
where hard water must be used no 
breaking with lye being necessary. 
Disso lve copper sulphate in sm a ll 
quantity of water; s lake the lime 
careful.ly, making a thin milk of it . 
8 lbs. All fungi, especi- N o w d tlute the two solutions each t o 
8 lb s. a lly pen e t rat in g about half the t otal quantity of mix-
100 gals . fun g i. ture to be made ; mix them together ~,nd sti~ vigorously fo r a few minutes. 
l est .w1th yellow prussiate of potash 
s?lut:on, o r knife-blade, and add m o r e 
It m e 1 f necessary. 
FORMULAS.- Continued. 
MIXTURE . I 
Quanti. ies for I Quantities for I Quantiti es for roo I . 
s Gallons of Mixture.
1




Ammonia 26° .. ..... . 
Water to mak e ... . . 
Sulphide of Potash .. 
Water ............. ... . 
Bordeaux and Arsen-
ites Combined : 
Bordeaux Mixture .. 
Paris Green . ...... . 
or 
Scheele's Green .... 
or 






5 ozs. jpts. 
so gals. 
20 ozs. 
so gals . 
Usual strength as g iven above. 




roo gals . 
All fungi. 
Fungi which grow 
with their mycelium 
exposed: mildews of 
gooseberry and rose, 
and powdery mildew ! of grap e. 
Fungi and chewing 
insects. 
Meth od of Preparation. 
Mak e a thin paste of the carbonate 
with water. Dilute one-third the am 
monia seven or eight times; p our o n 
carbonate; stir vigorously and allow 
to settle; pour off clear liquid. Dilute 
another one-third of the ammonia five 
or six times and add to residue left· 
stir a nd allo\v to settle as before; pour 
off clear liquid. Dilute the r .est of the 
ammonia two or three times and add 
to the residue. If the ammonia is full 
s treng th this should all enter into so 
luti o n; if not, more ammonia may b e 
add ed until the car bonate is entirely 
dissolved. Rain water should be u sed 
in diluting the ammonia. The s o lu 
ti on should be clear. Dilute to spray-
ing strength. 
Dissolve the sulphide in warm wa 
ter and dilute to spraying strength . 
The sol ution loses its stren g th quite 
~aJii~lfre:~.d s hould be used only 
If Paris green or Scheele's green is 
used1 prepare the Bordeaux mixture 
as dtrected above. Wet the powder 
by shaking in a bottle and add to the 
completed mixture. Stir v igorously 
before using. If arsenate of lime is 
u sed, add enough addition all!mi lk of 
lime to the Bordeaux to make the ar 
senite, then add the arsenic a n d soda. 
For arsenate of lead, d issolve the lead 
acetate and soda arsenate as above di 
rected and add these solutions sepa 
rately to the water which ,. is used to 
.dilute the milk of lime; stir well and 
add lime; then add diluted copper sul-
phate solution and stir. 
